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ABSTRACT
RESTORING MAJOR ECOSYSTEM DRIVERS IN ONE OF THE WORLD’S MOST
ENDANGERED ECOSYSTEMS: THE EFFECTS OF BISON REINTRODUCTION,
PRESCRIBED FIRE, AND TIME SINCE RESTORATION ON GRASSLAND BIRD NEST
SUCCESS IN TALLGRASS PRAIRIE
Heather Herakovich, MS
Department of Biological Sciences
Northern Illinois University, 2015
Dr. Holly P. Jones, Director

Tallgrass prairie has been converted to agriculture over the past century, making it one of
the most threatened ecosystems globally. Agriculture conversion of prairie has severely
fragmented the landscape and many grassland birds are now in decline and threatened with
regional extirpation. Restoration projects have sought to increase the quality and size of prairie
fragments by converting cultivated land back to prairie through revegetation and management
with prescribed fire, hypothetically increasing breeding habitat for grassland birds. Bison and
other native grazers are now being reintroduced to prairie restorations as a final step in a
complete restoration to increase habitat quality. The goal of this study was to understand how
restoration practices influence nest density and survivorship. I hypothesized that nest density
and survivorship would increase with restoration age, fire return interval, and bison presence. I
measured nest density and survivorship and deployed artificial nests in four restored tracts and
two remnant tracts from May to July 2014 and 2015. Nest density of natural nests decreased
following bison reintroduction. These results suggest that bison do not have an immediate
impact on grassland bird survivorship. Future research, however, is needed to see if these
patterns hold over time and if they are affecting species composition or nest success alone.
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CHAPTER 1
INTRODUCTION

A huge swath (82-99%) of midwestern prairie has been converted to agriculture over the
past century, making it one of the most threatened ecosystems on the planet (Samson & Knopf
1994; Samson & Knopf 1996). In Illinois, 99.99% of prairie has been lost (White 1978). What
remains include tiny patches of rocky prairie that could not be plowed and thus were untouched
by agriculture, although most were probably grazed by cattle. These patches are known as
prairie remnants and are the closest remaining examples of tallgrass prairie before European
settlement (Samson & Knopf 1996). The conversion of prairie to row-crop agriculture has
severely reduced the suitable habitat, and thus the ranges and densities, of many grassland birds
compared to prairie conversion to pasture and hayfields, which may have suboptimal but suitable
habitat (Fletcher & Koford 2003; Powell 2006). These habitat changes threaten many grassland
bird species with extirpation at regional or global scales. The International Union for
Conservation of Nature lists nine temperate grassland-dependent species in the United States of
America that are near threatened or vulnerable and many others that are in decline (IUCN 2015).
Recognizing the loss of an important ecosystem and habitat for threatened birds, prairie
restoration efforts attempt to mitigate the impact of fragmentation through revegetation,
prescribed burning, and large grazer reintroduction, each of which has different impacts on
grassland birds.
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Revegetation of grasslands occurs when native forb and grass seeds are dispersed over
land targeted for restoration to increase the diversity of prairie plants on the landscape and
reduce the number of non-native plants (Bakker & Wilson 2004). Many characteristics of both
remnant and restored prairies and grasslands affect composition of grassland bird assemblages.
For example, prairie fragment size and vegetation composition strongly influence the density or
nesting success of most grassland birds, including the near-threatened Henslow’s Sparrow
(Ammodramus henslowii), in tallgrass prairie (Winter & Faaborg 1999; O’Leary & Nyberg 2000;
Herkert et al. 2003). The increased edge area compared to interior area in small fragments may
increase Brown-headed Cowbird (Molothrus ater) parasitism in grassland bird nests (Bensen et
al. 2013). In addition to increased rate of brood parasitism, small grassland fragments also
promote increased nest predation (Herkert et al. 2003; Bensen et al. 2013). For example,
Henslow’s Sparrow, Dickcissels (Spiza americana), and Eastern Meadowlarks (Sturnella
magna) have increased nest predation rates in small prairie fragments (<100 ha) compared to
larger fragments (>1000 ha) (Herkert et al. 2003).
The influence of vegetation on grassland bird abundance and nesting success is complex
and differs between region, species, and between years. Vegetation composition in remnant and
restored prairie influences the abundance and nesting success of grassland birds (Hughes et al.
1999; O’Leary & Nyberg 2000). Increased woody vegetation in and around grasslands decreases
Dickcissel abundance; however, they have increased nesting success when there is more canopy
and litter cover at nesting sites (Hughes et al. 1999). In some cases, decreased nest survival may
be linked with increasing shrub cover near nests because shrubs are more likely to house
predators such as snakes (Klug et al. 2010). Similarly, other grassland bird densities and nesting
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success are impacted by vegetation characteristics including canopy cover, litter cover,
vegetation height, litter height, and woody vegetation near their nests (Hughes et al. 1999;
O’Leary & Nyberg 2000; Winter et al. 2005; Frey et al. 2008).
In areas that do not have successful revegetation, non-native plants proliferate and are
detrimental to grassland birds. The density of grassland birds in rangelands dominated by native
grasses is 32% higher than in rangelands dominated by non-native grasses (Flanders et al. 2006).
In addition, arthropods are 60% more abundant in native than non-native-dominated rangeland,
which negatively affects the density of certain foraging guilds (Flanders et al. 2006). Non-native
domination in grasslands has decreased the reproductive success of the near-threatened Chestnutcollared Longspurs (Calcarius ornatus) by decreasing nestling growth rate, mass, and the
probability of nest survival (Lloyd & Martin 2005). In addition, habitat that has been dominated
by non-native grasses has decreased wintering sites for Smith’s Longspurs (Calcarius pictus)
(Holimon et al. 2012), daily survival rates of Sprague’s Pipit (Anthus spragueii) fledglings
(Fisher & Davis 2011), and decreased diversity of arthropods in grassland bird diets (Kennedy et
al. 2009).
Fire is considered one of the main drivers that maintain prairies because it decreases
woody vegetation encroachment and increases prairie vegetation productivity (Hulbert 1969;
Samson & Knopf 1996). Historically, prairie was burned by fire that started in the growing
season by lightning strikes igniting the entire prairie, which happened at random intervals (Howe
1994). In addition, Native Americans also burned the prairie to suit their needs at that time;
however, it is almost indistinguishable from natural lightning fires (Frost 1998). In modern
times, managed prairies have prescribed burning patterns that vary widely from this historical
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burning pattern; the interval varies from never burning to burning the same small portion every
year in the non-growing season (Howe 1994). Grassland bird species respond to these altered
burning patterns differently, with some species unaffected by frequent burns and others affected
detrimentally, even to virtual extirpation (Powell 2006; Hands 2007). Hands (2007) found that,
although Dickcissel abundance was unaffected by prescribed fire every year, Grasshopper
Sparrow (Ammodramus savannarum) abundance was higher 2 years post-burn. Likewise,
Powell (2006) found that Henslow’s Sparrows were almost eliminated in areas that were burned
every year.
The impact of these modern prescribed fire regimes on grassland birds can be unclear
because fire management often is coupled with cattle grazing at prairie restoration sites, making
it difficult to distinguish their relative impacts. In general, frequent burning and high-density
grazing during the breeding season have decreased grassland bird abundance and nesting success
(Churchwell et al. 2008; Hovick et al. 2012). Patch-burn methods are used in some prairie
restorations to mitigate cattle grazing impacts on breeding grassland birds. In patch-burned
prairies, a small patch of prairie is burned in an effort to keep grazers excluded from certain parts
of the prairie. This provides grassland birds a separate refuge from cattle grazing impacts
(Churchwell et al. 2008). Dickcissels and Grasshopper Sparrow nest success increased and
Brown-headed Cowbird parasitism declined in patch-burned habitat (Churchwell et al. 2008;
Hovick et al. 2012). While patch burning has been an integral part in ensuring prairie grass and
forb diversity and maintaining target vegetation composition, historical grazing, another missing
component of the system, has not been so frequently restored.

5
Having restored prescribed fire regimes to revegetated prairies, many managers are now
focusing on restoring native grazers instead of stocking cattle to provide a more functionally
similar grazing role in tallgrass prairies. Historically, native grazers, including bison (Bison
bison), played key roles in maintaining habitat heterogeneity and promoting plant biodiversity by
preferentially grazing on grasses in uneven patches that are abandoned as grass composition
diminishes (Knapp et al. 1999). However, bison and other important historical grazers were
nearly eliminated from the prairie in the mid-1800s, leaving this important niche unfilled for
over 150 years on remnant prairie fragments (Knapp et al. 1999). The reintroduction of bison in
a few prairie restorations has allowed this niche to be filled and analyzed. Plant species richness
increases with bison grazing while canopy height and grass biomass decrease (Joern 2005).
With this increase in plant richness in grazed areas, grasshopper (Orthoptera) species richness
and diversity also increased by over 40% compared to ungrazed areas, and fire did not play a role
(Joern 2005). This positive influence of bison grazing on lower trophic levels suggests a
potential for positive feedback up higher trophic levels. However, little is known about the
effects bison will have on declining grassland birds in particular (Knapp et al. 1999; Joern 2005;
Powell 2006).
Research that can help fill this gap focuses on how bird nesting success changes with
vegetation density and height. For example, Dieni and Jones (2003) found that nest site selection
for Savannah Sparrows (Passerculus sandwichensis) in mixed-grass prairie had a strong positive
correlation with the density and cover of tall vegetation. Other species of grassland birds in their
study had only a slight positive response to the density and vegetation cover (Dieni & Jones
2003). Since burning and grazing had not occurred in their study site for over 25 years, the
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strength of this correlation may not be seen in actively restored prairies. To my knowledge, there
is only one study of bison impacts on grassland birds. Powell (2006) found that bison grazing
and regular burning in a tallgrass prairie positively influences the abundance of Upland
Sandpiper (Bartramia longicauda), Grasshopper Sparrow, and to a lesser extent Dickcissel
(Powell 2006). However, Henslow’s Sparrow abundance was significantly higher in ungrazed
prairie and almost eliminated in areas of bison grazing and burning (Powell 2006). Although
bison presence could decrease the survivorship of some grassland bird species because of
grazing, trampling, and possibly Brown-headed Cowbird parasitism (Powell 2006), the
immediate and long-term impacts following the reintroduction of bison on grassland birds have
not yet been quantified.

CHAPTER 2
THE EFFECTS OF BISON REINTRODUCTION, PRESCRIBED FIRE, AND TIME SINCE
RESTORATION ON GRASSLAND BIRD NEST SUCCESS IN TALLGRASS PRAIRIE

Introduction

A huge swath (82-99%) of midwestern prairie has been converted to agriculture over the
past century, making it one of the most threatened ecosystems on the planet (Samson & Knopf
1994; Samson & Knopf 1996). In Illinois, 99.99% of prairie has been lost (White 1978).
What remains include tiny patches of rocky prairie that could not be plowed and thus were
untouched by agriculture, although they were probably grazed by cattle. These patches are
known as prairie remnants and are the closest remaining examples of tallgrass prairie before
European settlement (Samson & Knopf 1996). The conversion of prairie to row-crop
agriculture has severely reduced the range, species density, and habitat for many grassland
birds compared to prairie converted to pasture and hayfields (Fletcher & Koford 2003; Powell
2006) and many are now threatened with regional extirpation. The International Union for
Conservation of Nature lists nine temperate grassland-dependent species in the United States
of America that are near threatened or vulnerable and many others that are in decline (IUCN
2015). Recognizing the loss of an important ecosystem and habitat for threatened birds,
prairie restoration efforts attempt to mitigate the impact of fragmentation through
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revegetation, prescribed burning, and large grazer reintroduction, each of which has different
impacts on grassland birds.
Having restored prescribed fire regimes to revegetated prairies, many managers are now
focusing on restoring native grazers instead of stocking cattle in order to provide a more
functionally similar grazing role in tallgrass prairies. Historically, native grazers, including
bison (Bison bison), played key roles in maintaining habitat heterogeneity and promoting
plant biodiversity by preferentially grazing on grasses in uneven patches that are abandoned as
grass composition diminishes (Knapp et al. 1999). However, bison and other important
historical grazers were nearly eliminated from the prairie in the mid-1800s, leaving this
important niche unfilled for over 150 years on remnant prairie fragments (Knapp et al. 1999).
The reintroduction of bison in a few prairie grasslands has allowed this niche to be filled
(Knapp et al. 1999; Joern 2005; Powell 2006).
Research that can help fill this gap focuses on how bird nesting success changes with
vegetation density and height. For example, Dieni and Jones (2003) found that nest site
selection for Savannah Sparrows (Passerculus sandwichensis) in mixed-grass prairie had a
strong positive correlation with the density and cover of tall vegetation. Other species of
grassland birds in their study had only a slight positive response to the density and vegetation
cover (Dieni & Jones 2003). Since burning and grazing had not occurred in their study site
for over 25 years, the strength of this correlation may not be seen in actively restored prairies.
Powell (2006) found that bison grazing and regular burning in a remnant tallgrass prairie
positively influence the abundance of Upland Sandpiper (Bartramia longicauda),
Grasshopper Sparrow, and to a lesser extent Dickcissel (Powell 2006). However, Henslow’s
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Sparrow abundance was significantly higher in ungrazed prairie and almost eliminated in
areas of bison grazing and burning (Powell 2006). Although bison presence could decrease
the survivorship of some grassland bird species because of grazing, trampling, and possibly
Brown-headed Cowbird parasitism (Powell 2006), the immediate and long-term impacts
following the reintroduction of bison on grassland birds have not yet been quantified in
restored prairie ecosystems.
My objectives for this study were to (1) compare nest density and survivorship of
grassland bird nests in recent-bison stocked and unstocked tallgrass prairie restoration sites
and remnant areas; (2) determine if fire, plant composition, and parasitism play a role in nest
density and survivorship of these nests with and without bison; and (3) to understand the role
of temporal plant species shifts after restoration begins on grassland bird nest density and
survivorship. I calculated nest density and survivorship before and after bison reintroduction
to take into account site-specific variation. In addition, I used artificial nests to keep nest
density constant and determine nest predator differences. I addressed area, interannual
variation, and age of the restoration and remnant tracts to tease out the immediate impacts
bison alone have on grassland birds.
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Methods

Study Site

I conducted my research at the Nachusa Grasslands (henceforth Nachusa) in Dixon, IL,
U.S.A. Since 1987, The Nature Conservancy (TNC) has been restoring previously cultivated
land to tallgrass prairie yearly at Nachusa through revegetation, herbicide application, and
prescribed fire. Currently, Nachusa has greater than 1200 hectares of remnant prairie and
restored row crop in different stages of recovery. In October 2014, TNC reintroduced thirty
bison to 200 hectares of restored and remnant prairie at Nachusa. This enabled me to initiate a
powerful before/after-control impact study design, where three bison and three non-bison sites
were paired by age since restoration and by area (sensu Stewart-Oaten et al. 1986; Table 1). In
addition, the unique geographic juxtaposition of different tracts of land with different ages since
restoration allowed us to quantify the effects time since restoration has on grassland birds.
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Table 1: Sites with paired bison treatment and their burn and graze status for 2014 and 2015. TCR was neither
burned nor grazed in 2015.
Site

Year planted

Size (hectares)

2014

2015

Pair

Hook Larson West (HLW)

2008

7.924

Burned

Burned/Grazed

1

Clear Creek Knolls-SE (CCK)

2006

7.607

Burned

Burned

1

Hook Larson South (HLS)

2001

10.245

Burned

Grazed

2

Sand Farm (SF)

2001

13.72

Burned

Burned

2

Hook Larson Remnant (HLR)

Remnant

6.887

Burned

Grazed

3

Thelma Carpenter Remnant (TCR)

Remnant

9.826

Burned

N/A

3

Natural Nest Survey

I measured nest density and survivorship in six tracts of land, four restored tracts and two
remnant tracts, from May to July 2014 and 2015. I used systematic walking, haphazard walking,
and behavioral analysis to find nests in each tract every few days as outlined by Winter et al.
(2003). I marked each nest found, recorded number of eggs, calculated depredation rates, and
survivorship of all marked nests until all chicks fledged or were depredated as outlined by
Winter et al. (2003) and Ralph et al. (1993). Nests were checked every 3-7 days. The vegetation
was quantified around nests after they were emptied and in control plots far from nesting locales.
I measured percent cover of each plant type (forb, grass, and woody species) and bare ground in
the immediate nest area using a 0.5m2 quadrat centered on the nest. Controls were taken with a
0.5 m2 quadrat located close to the center of each sampling site but at least 50m from any known
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nests. In addition, I used a Robel pole to determine visual obstruction by vegetation at heights of
0.5, 0.8, and 1m and distances of 2, 3, and 4m away from the nest or center of the quadrat at all
cardinal directions (Robel et al. 1970). At my sites, I tabulated years since burn, growing degree
days (GDD), restoration age (young, old, remnant), and precipitation as potential variables that
would impact nest density and survivorship.

Artificial Nest Study

Artificial nests were made by forming prairie grass inside a wire mesh frame that
approximated the size and appearance of a Dickcissel nest, which has been found to have a
similar survivorship to natural nests (sensu Davison & Bollinger 2000). I placed these nests one
pair at a time in the six sites to experimentally quantify the survivorship of grassland nesting
eggs. These nests were placed on the ground randomly in 1-hectare blocks that were at least
25m away from the edge of the tracts at a density of four nests per hectare. I used any vegetation
at the random point to hide any man-made material. I baited the nests after a two-day
acclimation period. The bait consisted of two quail eggs and two clay eggs made from oil-based
modeling clay. I checked the nests every 3-4 days or until the quail eggs were removed by
predators and subsequently the nest removed as well. The nests that had intact quail eggs were
deployed for 12 days and clay eggs were collected for analysis at that time. A nest was
considered successful if one clay egg did not have signs of depredation; quail eggs were not used
to determine survivorship. After they were removed, the teeth marks and camera traps were used
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to determine the species of nest predator. The same abiotic covariates were used as potential
factors that may impact nest survivorship.

Statistical Analysis

Density of natural nests and average survivorship of natural and artificial nests were
compared before and after bison reintroduction and in bison and non-bison tracts using a twosample Student’s t test. Nest success was analyzed using a logistic-exposure GLM for both
natural and artificial nests. This method, as described by Shaffer (2004), uses a logistic
regression approach but also takes into account the amount of time between nest checks because
they can vary throughout the study period. Sample size did not permit analysis of all potentially
relevant biological covariates that could influence nest fate. Therefore, I chose to include the
three variables that were the most relevant to the scope of this research: bison presence, fire
return interval, and average precipitation in the month the nest was active. The models were run
using R 3.2.2 ( R Core Team 2015), and Akaike’s information criterion for small sample size
was used to rank the models. All other covariates were tested using two-sample Student’s t test,
ANOVA with Tukey’s HSD, or Pearson’s product-moment correlation with α=0.05 to determine
if they impact nest survivorship for both natural and artificial nests.
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Results

Natural Nest Survey

I found 96 nests between 2014 and 2015 that represented ten species (Table 2). Sixtyseven percent of these nests were depredated. Seventy-nine nests had known nest fates and were
used in the logistic-exposure GLM. The model with the lowest AICc did not include any of the
potential predictors of nest success (Table 3). Nest density decreased after bison were
reintroduced by half within (t = -1.07, df = 4, p = 0.34; Figure 1) and between years (t = 1.32, df
= 4, p = 0.26); however, the differences were not statistically significant. In addition, average
survivorship did not vary between years (t = 0.57, df = 43, p = 0.57) or within years (t = -1.60, df
= 40, p = 0.12). Fire return interval showed no effect on nest survivorship (t = 1.27, df = 77, p =
0.21), although density of nests found in the unburned restored tract was 4 times lower than
when it was burned, but not for the two remnant tracts that had the same fire return interval (t =
-0.44, df = 2, p-value = 0.70). Cowbird parasitism of natural nests was similar between years
and had no effect on survivorship (Figure 2; F = 2.382,76; p = 0.10). Finally, restoration age did
not affect nest density or have a significant impact on nest survivorship in the study sites
(Figure 3; F = 1.432,76; p = 0.25). The other covariates including species (Figure 4), plant
composition, average precipitation and GDD in the month the nest was found, and the area of
each site did not account for variation in average survivorship for these nests.
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Table 2: Number of nests found per species for 2014 and 2015.
Species

N

Lark sparrow

22

Field sparrow

19

Dickcissel

16

Red-winged blackbird

15

Mourning dove

9

Grasshopper sparrow

5

Song sparrow

4

Common yellowthroat

2

Unknown

2

Brown thrasher

1

Eastern meadowlark

1

Table 3: Logistic exposure models and Akaike’s information criterion weights for natural nests found in
2014 and 2015.
Model

K

AICc

ΔAICc

AICcWt

None

1

115.46

0

0.49

Years since fire

2

116.13

0.67

0.35

Years since fire and bison

3

118.29

2.83

0.12

Years since fire, bison, and avg. month precipitation

4

120.36

4.90

0.04
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Figure 1: Nest density before and after bison were reintroduced.

Figure 2: Proportion of natural nests parasitized before and after bison were reintroduced.
Horizontal width is proportional to the number of nests found. Unknown parasitism occurred
when nests were found partially fledged and parasitism could not be assessed.
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Figure 3: Mean survivorship of natural nests found in plantings of different ages ± 1 SEM.
Young plantings have an average of 8 years since restoration began, old plantings have an
average of 14 years since restoration began, and remnants were never cultivated.

Figure 4: Mean nest survivorship by species ± 1 SEM. BT= Brown thrasher, CY= Common
yellowthroat, DC= Dickcissel, EM=Eastern meadowlark, FS= Field sparrow, GS= Grasshopper
sparrow, LS= Lark sparrow, MD= Morning dove, RW= Red-winged blackbird, SS= Song
sparrow, UK=Unknown.
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Artificial Nest Study

Eighty artificial nests were deployed each year. The total number of nests per site
depended on the size and shape of each planting (Table 4). Most (62.5%) of these nests were
depredated, which was calculated by both clay eggs depredated and broken or missing quail eggs
(Figure 5). The survivorship of these nests was similar to the natural nests for both years.

Table 4: The total number of artificial nests placed in each planting per year.
Site

Nests

Size (hectares)

Pair

HLW

12

7.924

1

CCK

12

7.607

1

HLS

12

10.245

2

SF

16

13.72

2

HLR

8

6.887

3

TCR

20

9.826

3
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As with the natural nests, the best fit model did not
include any of the potential predictors of nest
success (Table 5). Bison trampling of nests was
not observed throughout the study. Likewise,
bison presence did not significantly impact the
mean survivorship of these nests between (t =
-0.26, df = 62, p = 0.80) or within years (t = -0.55,
df = 78, p = 0.58). Fire return interval had no
significant effect on nest survivorship (t = -0.08, df
= 158, p = 0.93). Similar to natural nests,
survivorship was not influenced by restoration age
Figure 5: A heavily depredated clay egg
from an artificial nest.

(Figure 6; F = 1.222,157; p = 0.30). Average
survivorship of these nests was associated with

failure type (trampled, missing, species depredated, etc.), but none of the other covariates
(F=9.38820,2139; p<0.001; Table 6). Small mammals depredated the majority of the nests (Figure
7). There was more mesopredator depredation in 2015 than in 2014; however, small-mammal
and canine depredation was the only significant influence on artificial nest survivorship.
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Table 5: Logistic exposure models and Akaike’s information criterion weights for artificial nests
deployed in 2014 and 2015.
Model

K

AICc

ΔAICc

AICcWt

None

1

222.88

0

0.61

Years since fire

2

224.86

1.98

0.23

Years since fire and bison

3

226.85

3.97

0.08

Years since fire, bison, and avg. month precipitation

4

227.12

4.24

0.07

Table 6: Analysis of variance table for artificial nest failure type in 2014 and 2015.
Source

df

SS

MS

F

P

Failure type

20

21.82

1.091

9.388

<0.001

Residuals

139

16.15

0.116

0.22
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Figure 6: Mean survivorship of artificial nests placed in plantings of different ages ± 1 SEM.
Young plantings have an average of 8 years since restoration began, old plantings have an
average of 14 years since restoration began, and remnants were never cultivated.

Figure 7: Proportion of artificial nests depredated by each nest predator.
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Discussion

While much research has focused on bison impacts to remnant prairies (Vinton et al.
1993; Hartnett et al. 1996; Gerlanc & Kaufman 2003; Joern 2004; Powell 2006), this is one of
the few studies that have quantified the impacts of grazer reintroduction in restored prairies. The
goal of my study was to understand how bison, prescribed fire, and time since restoration
influence grassland bird nest density and survivorship in a restored prairie. I found that bison
had no discernable immediate impact on nest density and survivorship of natural and artificial
nests in restored tallgrass prairie tracts or adjacent remnant tracts. Restoration age and
prescribed fire did not have a significant impact on survivorship of natural or artificial nests;
however, fire may influence density of natural nests in restored tracts. Natural nests decreased in
density after the bison reintroduction, but survivorship stayed similar. Small mammals were the
top predator of all artificial nests for both years and would depredate the nest completely if
found.
As restoration proceeds through time, prairie vegetation shifts from a weed-dominated
landscape to a forb-dominated community and then to a more grass-dominated landscape as seen
in older restored tracts and remnants (McLachlan & Knispel 2005). I expected that this shift in
plant composition in different-aged tracts would positively affect nest density and survivorship
because it offered more habitat for these grassland bird species and it is the restoration target of
managers. I found instead that restoration age had no influence on natural nest density or
survivorship. Artificial nest survivorship also showed no significant increase with restoration
age. Prescribed fire allows for new vegetation growth to proliferate early in the growing season,
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which can provide more nesting opportunities. The difference in burn frequency for each
restoration age may have skewed my results by not providing similar vegetation growth for each
site during nesting season. This suggests that the height of vegetation before nesting begins may
matter in choosing a successful nesting location and decreased nest density may be a factor of a
shorter nesting timeframe in unburned sites. The visual obstruction measurements were taken at
control sites near the end of the season, which could explain why they did not influence
survivorship.
My site is ideal for calculating how time since restoration impacts nest success and is, to
my knowledge, the only study that has measured the effects of restoration age on nest success or
density in restored grasslands. Species richness was calculated in restored, degraded, and
remnant forest systems of Australia and restored tracts of a higher quality supported more
species than remnant tracts (Munro et al. 2011). In addition, tracts that have been restored for a
longer time had more species and were similar to remnant wooded tracts (Munro et al. 2011).
This suggests that restoration in forested tracts can reach a remnant target just by revegetation.
In contrast, I found fewer nests in my remnant tracts compared to my restored tracts. Remnant
tracts at Nachusa are characterized by rocky knobs with exposed sandstone that have very welldrained soil compared to the restored tracts that have less elevation and soil that was prime for
row-crop cultivation. These remnants may not be able to support high densities of forbs or grass
because of the well-drained and rocky soil in comparison to the restored tracts. This shorter and
more homogeneous remnant tract may not provide the structure necessary for some species to
nest and most nests found in these remnants were at the base of small woody vegetation.
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Prescribed fire is a necessary management practice to maintain prairie ecosystems and
decrease encroachment of woody vegetation (Samson & Knopf 1996). I expected that nest
survivorship and density would increase with increasing fire return interval; however, species
composition may change based on specific nest site selection of different species (Powell 2006;
Coppedge et al. 2008; Hartway & Mills 2012). Fire return interval did not affect survivorship of
natural or artificial nests, contrary to what we expected. Current-year burning and grazing have
been shown to decrease survivorship in some grassland bird species compared to patch-grazed
areas (Chuchwell et al. 2008; Hartway & Mills 2012; Hovick et al. 2012). Grazed sites in my
study were completely burned and not patch burned, which created a patch-burned mosaic over
the entire bison-grazed unit. The burn status of adjacent restored and remnant tracts could have
influenced survivorship of our nests by influencing food availability (Shocat et al. 2005).
Arthropod abundance may increase in recently burned tracts and provide food for the birds
nesting in both the burned areas and adjacent restored tracts, but grazing may have more of an
impact on arthropod abundance (Joern 2004; Joern 2005; Shocat et al. 2005).
Density measurement of natural nests 1-year post-burn was limited to one restored and
two remnant tracts. Density did not differ between burned and unburned remnants but was
different between burned and unburned restored tracts. It is possible that fire plays an important
role in the nest site selection of grassland birds at Nachusa and they prefer nesting in recently
burned restored tracts, contrary to initial expectations. This could have been an outcome of
decreased search ability in the tall, dense grass; however, a study of Dickcissel nests in
Oklahoma showed nest density was higher in yearly burned and grazed tracts, although
survivorship was lower (Churchwell et al. 2008). Total species composition could explain why
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there were fewer nests in the unburned restored tract; the burn-tolerant species may not have
been present at this site. For example, Henslow’s Sparrows, a fire- and grazing-intolerant
species (Powell 2006), were heard and seen at this site when it was unburned, but no nests of this
species were found. However, I did not have a large sample size for intervals larger than 1-year
post-burn to test species differences. The addition of bison and their use of this unburned site
may have varied from the burned tracts, which may have altered the vegetation in a way that
could deter nesting. Similar to other studies on nest success and bird composition, fire and
grazing impacts are difficult to tease apart and will require more years of study.
After bison were reintroduced, I expected that nest density and survivorship would
increase because of bison’s preferential grazing pattern, possibly increasing nesting substrate. In
addition, bison hair used in bird nests may have the potential to ward off predators (Coppedge
2010). Bison presence did not affect survivorship of the natural or artificial nests, although
natural nest density was halved (see Figure 1). Since burning differed between the bison and
non-bison units and between years, it is difficult to tease apart grazing and fire influences with a
small sample size of different grazed and burned tracts. Bison-specific influences like increased
trampling and Cowbird nest parasitism were analyzed to determine bison-specific changes to
nest survivorship. Bison trampling was not seen during the time of this study for either natural
or artificial nests. Livestock trampling of nests is well studied and density of cattle, especially
near high-use areas, can significantly increase trampling of nests (Pakanen et al. 2011; Johnson
et al. 2012; Mandema et al. 2013). Since the initial stocking density of 0.15 head/ha (0.22
head/ha with calves) was extremely low and any additional water given to the herd was outside
of the study area, this is not a surprising result. Proportion of nests parasitized by Cowbirds did
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not change after bison were reintroduced, similar to other studies on nest survival in patchburned cattle-stocked areas (Churchwell et al. 2008; Hovick et al. 2012). This was surprising
given that Cowbirds are frequently seen flocking around bison at the study site. I suggest that
Cowbird populations may not have increased with bison reintroduction but instead may be
congregating around the herd, which makes them more conspicuous.
The only covariate that influenced survivorship was type of predator on the artificial
nests. Mesopredator and Thirteen-lined Ground Squirrel (Ictidomys tridecemlineatus) predation
increased at all sites in 2015. Ground squirrel depredation was fewer in the bison sites compared
to the non-bison sites. Dion et al. (2000) found that diversity of predators and vegetation type
affect depredation of artificial nests. Since vegetation type was not measured near artificial nests
in my study, it is likely that the composition of nest predators was artificially selected for when
these nests were placed. Without knowing predator ID of natural nests, it is unwise to speculate
that they may be the same (Dion et al. 2000; Klug et al. 2009). However, depredation rates of
the artificial nests and natural nests in this study were similar. The low nest density of these
artificial nests and the low mesopredator abundance as compared to woodland sites may account
for this similarity (Schmidt & Whelan 1999) and more artificial nest studies in restored
grasslands may provide insight about the survivorship of grassland bird nests. Predation is the
leading cause of nest failures and can be influenced by multiple factors. Revegetation,
prescribed fire, and grazing can change the vegetation composition to favor certain nest
predators, therefore impacting the grassland bird community indirectly. More research is needed
to help understand how these restoration practices are influencing this higher trophic level and
how they can be altered to help this declining community.
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Conclusion

When taken together, these results suggest that bison do not have an immediate
detectable impact on grassland bird survivorship, although they do potentially impact nest
density. Prescribed fire and time since restoration did not explain variation in survivorship of
these nests. However, bison may impact the depredation of artificial nests by masking the scent
of the nests from predators (Coppedge 2010) and influencing nest-predator composition. Further
research is needed to better quantify potential impacts bison have on grassland bird nests to
determine if these patterns hold, or if they are a temporary result that will differ as the duration
of bison effects increases, including how their overall species composition may be influenced by
their presence. Furthermore, future research is necessary to quantify how nest-predator
populations are influenced by bison and if that pattern is seen on depredated artificial nests.
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